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Describing the effective interactions between colloidal
particles in the presence of macromolecular additives
(e.g. surfactants, polymers, micelles, etc.) is crucial
for understanding the behavior of soft-matter. Since
the pioneering work of Asakura and Oosawa (AO) [1],
it is known that the presence of co-solutes in solution
gives rise to entropic forces that significantly modify
the structure and the dynamics of colloidal systems
[2]-[3]. These depletion forces arise from the entropy-
driven exclusion of the cosolute from the volume be-
tween particles when their surface-to-surface relative
distance is comparable to the cosolute size.[4].
Depletion forces can be strong enough to lead to col-
loidal aggregation. Increasing the size ratio between
solute and co-solute gives rise to a fluid-fluid critical
point at which colloids separate in a colloid-rich and a
colloid-poor phase, in analogy with the gas-liquid sep-
aration in one-component systems. This aggregation
process was found experimentally by Piazza’s group
[6] in the case of colloids dissolved in a micellar solu-
tion which is known to undergoes a gas-liquid phase
separation on heating. Exploring the onset of col-
loidal aggregation as a function of temperature T and
micelle concentration, the authors were able to show
that a continuous line can be drown in the (φs, T )
plane separating the region where the colloids are sta-
ble from the region where colloids aggregate.
Inspired by this work we have investigated numer-
ically the general case of colloids immersed in a
solution of interacting additives. For this pourpose
we have considered two different solvent models:
an attractive square-well and a three-patch particle
model. Both solvents are characterized by a gas-
liquid critical point, thus recovering the experimental
situation of ref. [6]. For a wide range of state points
(φs, T ) we have evaluated the effective potentials
for estimating the locus of points separating the
stable from the unstable region (the “aggregation
line”) for a given ratio q between the solvent and the
colloid sizes. Due to the short-range nature of the
effective potential interactions, aggregation occurs
roughly when the normalized second virial coefficient
B∗2 is about −1.6 which has been identified as the
universal value for the onset of gas-liquid separation
in short-range attractive potentials[7]. Moreover we
have discussed the nature of the aggregation process
close to the critical point for different q values since an
important point in ref. [6] is that critical fluctuations
are the driving forces for colloids aggregation close to
the critical point. We find that critical fluctuations
play a significant role only when the solvent size is
not significantly smaller than the colloid size.
FIG. 1. Effective potentials along the solvent critical iso-
chore for a solvent-solvent square-well attractive potential
for two different size ratios: q = 0.2 (top) and q = 0.1
(bottom). At larger size ratios, the effective potential be-
comes fully attractive at low T and its range increases
significantly, consistently with the increase of a static cor-
relation length related to critical fluctuations. For smaller
size ratios, the potential maintains a repulsive part and a
shorter range also for very negative values of B∗2 (beyond
the aggregation threshold). This implies that for smaller
size ratios the temperature of colloidal aggregation will be
higher, and consequently more far from the critical point.
In these cases aggregation is mainly induced by entropic
effects.
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